Aim: This study examined patients with concurrent medullary thyroid carcinoma (MTC) and papillary thyroid carcinoma (PTC) with the primary objective of identifying factors that can determine the dominant subtype that will dictate recurrence.
INTRODUCTION
The simultaneous occurrence of MTC and PTC was first reported by Lamberg et al 1 and remains a rare finding.
The coexistence of these tumor subtypes in the same thyroid can manifest in two ways: As distinct foci of MTC and PTC separated by normal thyroid tissue, or as a single tumor with histologic characteristics of both subtypes. This finding is of particular interest because the cells from which these tumors derive have differing embryologic origins. The MTC develops from the parafollicular C-cells of the thyroid that have their origin in the neural crest. In contrast, PTC develops from the follicular cells of the thyroid and are derived from endoderm. 1 There are several theories as to how two embryologically unrelated cell types can simultaneously become neoplastic. The "stem cell" hypotheses suggest the existence of a common stem cell ancestor for follicular and parafollicular cells either in the thyroid or in the ultimobranchial remnant. 2, 3 Other hypotheses suggest simultaneous neoplastic transformation of the two subtypes, either spontaneously or by a common mutation or rearrangement in the rearranged during transfection (RET) gene. [4] [5] [6] [7] [8] The finding of two separate tumors with distinct clinical courses and treatment options may prove to be challenging for clinicians. Most of the available literature on patients with MTC and PTC are case reports without data on long-term outcomes. [1] [2] [3] 7, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Consequently, there is little data available to clinicians about how to predict which tumor subtype will be most at risk for recurrence.
There are a few larger case series that have concluded that MTC will be the dominant tumor, and that the concurrent PTC represents an incidental finding with little bearing wjoes on the outcome. [24] [25] [26] However, population-based studies have shown a better prognosis for patients with both MTC and PTC than for MTC alone. 27 Therefore, in this study, we examine a single-institution's experience with patients with concurrent MTC and PTC with the primary objective of identifying factors that can determine the dominant subtype that will dictate recurrence.
MATERIALS AND METHODS
The cancer registry at our tertiary care referral center was reviewed to identify all patients from 1995 to 2015 who had been diagnosed with simultaneous MTC and PTC on initial total thyroidectomy. 
RESULTS
From 1995 to 2015, 19 patients had concurrent MTC and PTC on final pathology after thyroid surgery. Seventeen of these patients had distinct separate foci of "classic" MTC and PTC, one patient had classic PTC and a mixed medullary and follicular carcinoma, and one patient had a solitary mixed medullary and follicular variant of papillary thyroid carcinoma (fvPTC). Totally, 10 (52.6%) patients were men, and the mean age at initial surgery was 53 years (35-69 years). Five patients (35.7%) of the 14 who underwent genetic testing had mutations of the RET gene that were consistent with multiple endocrine neoplasia type 2A (MEN2A).
Patients with a Preoperative Diagnosis of MTC
Thirteen patients had a preoperative diagnosis of MTC. Totally, 7 (53.8%) patients were male and the mean age was 51 years (35-65). All 13 patients underwent genetic testings and four patients had mutations consistent with MEN2A. The following operations were performed: Six patients underwent a total thyroidectomy with central neck dissection and seven underwent total thyroidectomy with central and lateral neck dissection. The tumor characteristics of the MTCs and PTCs in these patients are listed in Table 1 . All except one patient with a preoperative diagnosis of MTC had papillary microcarcinoma.
Pathology results included the following. All 13 patients had at least one lymph node removed at the time of the initial procedure. Eight patients (61.5%) had positive metastatic lymph nodes. Six had only MTC in the lymph nodes (two of whom had extranodal extension), one patient had only PTC in the lymph nodes, and one patient had 10/17 lymph nodes with MTC and 1/17 lymph nodes with PTC.
For patients with a preoperative diagnosis of MTC, eight patients (61.5%) had recurrent disease, all eight of which recurred as MTC only. Five patients had recurrence in the locoregional lymph nodes, four of whom had a second surgery. The fifth patient declined reoperation. Three patients developed distant metastasis of MTC: One in the mediastinal lymph nodes, and two in the liver. Two patients underwent treatment with tyrosine kinase inhibitors and one had radiation treatment. None of the patients who presented with MTC initially had recurrence of their PTC. The median follow-up in this group was 31 months (0.5-233 months).
Patients without MTC as a Preoperative Diagnosis
In the six patients who presented with a diagnosis other than MTC, four had a preoperative diagnosis of PTC, one had a fine needle aspiration that was "suspicious for malignancy", and the other patient presented with tertiary hyperparathyroidism and a previously benign thyroid biopsy. Three (50%) patients were men and the mean age was 56 years (41-69). With regard to operative approach, two patients had total thyroidectomy, three had a total thyroidectomy with central neck dissection, and one had a total thyroidectomy with central and lateral neck dissection. The tumors diagnosed in these patients and their characteristics are listed in Table 2 . Four patients had classic PTC and "classic" MTC, one had classic PTC and a mixed medullary and follicular tumor, and one patient had a solitary tumor of mixed medullary and fvPTC. On pathologic evaluation, every patient had at least one lymph node removed at the time of the initial procedure. Three (50%) patients had positive metastatic lymph nodes at the time of initial surgery. Two of these were classic PTC and one was the mixed medullary and fvPTC. One patient had extranodal extension.
After a median follow-up of 23.5 months (4-135), one patient had recurrent PTC and underwent reoperative neck dissection. This patient also received external beam radiation.
Of note, one patient in this group had a thyroid nodule that was diagnosed preoperatively as PTC, but also had a first-degree family member who was recently found to have a RET C634G mutation consistent with MEN2A and later also tested positive for this mutation. This patient had two foci of PTC and two foci of MTC on final pathology, and 7/23 lymph nodes positive for PTC. None of the patients who presented with nonmedullary cancer had recurrence of their MTC.
Combined Recurrence Data
The preoperative diagnosis, stage of each tumor at the time of diagnosis, and subtype of tumor that recurred are listed in Table 3 . Overall, 11/19 (57.9%) patients had metastatic disease in the locoregional lymph nodes at the time of surgery. Nine patients (47.4%) had recurrent disease and three (15.8%) had distant metastases. In the patients who presented with MTC, eight patients had recurrent disease, all of which was MTC. In these patients, the MTC was the largest tumor in 6/8 (75%) patients, and had the most foci in 5/8 (62.5%) patients. The MTCs in the patients who presented with MTC first were significantly larger than in those who did not present with MTC (1.2 vs 0.6 cm, p = 0.02). There was no difference in the size of PTCs in those who presented with MTC first vs not (0.3 vs 1.6, p = 0.16). In the patients who presented with PTC or other, one had recurrent PTC. This patient had a multifocal 6.5 cm PTC and a 2.5 cm mixed MTC/fvPTC. In all patients with recurrences, the higher stage tumor at the time of initial surgery, which was also consistent with the preoperative diagnosis, was the subtype that recurred. 
DISCUSSION
In this study, we review a single institution's experience with patients with concurrent MTC and PTC to attempt to identify factors that can predict the patients' clinical course. We examined 19 patients with evidence of both MTC and PTC (or a mixed tumor) on final pathology and divided them based on their preoperative diagnosis. In the nine patients with recurrent disease (eight with MTC and one with PTC), the subtype of recurrence was consistent with the preoperative diagnosis and with the subtype with the more advanced stage at the time of initial surgery. Recurrence did not appear to be influenced by the subtype of the largest tumor or most foci. This contrasts with previous findings that PTC in the setting of MTC is always an incidental finding and an innocent bystander in the disease course. 25 In addition to the many case reports of patients with MTC and PTC, there have been several larger studies that reviewed this entity. The first was by Biscolla et al, 24 who reviewed 27 patients with MTC and PTC and found that the incidence of PTC in patients with MTC (13.8%) was higher than that seen with Grave's disease (5.1%) and multinodular goiter (6.4%). While they excluded older age of patients and increased diagnostic scrutiny as an explanation for the higher incidence of PTC in MTC than in other benign thyroid pathologies, they did not offer further hypotheses to explain this finding. They concluded that the clinical behavior of MTC was not influenced by the presence of a concomitant PTC. Two studies further examined the incidence of PTC in patients with MTC. Kim et al 25 published a series of 10 patients with MTC and PTC. In their study, the incidence of PTC in patients with MTC was 19%, which was similar to that seen in Graves' disease (15%) and follicular thyroid carcinoma (19%) at their institution. They also found that the patients with MTC and PTC were significantly older than those with MTC alone, which they postulated was responsible for the increased incidence of PTC seen in these patients. Similar to Biscolla et al, 24 they concluded that because the incidence of PTC was similar across the different pathologies, cases of concurrent MTC and PTC are reflections of coincidence. Machens and Dralle 26 published their series of 26 patients with MTC and PTC. They found lower incidences of PTC in patients with MTC (3.6%) than the previous studies, and also found that the incidence of simultaneous MTC and PTC has been increasing over time, which they attributed to either greater pathologic scrutiny or environmental changes. Neither study examined recurrence data or outcomes in their patients. Disease-specific survival rates were higher for simultaneous MTC/DTC than for MTC alone. They found no differences in age at diagnosis between patients with MTC/DTC and MTC alone, which argues against increasing age as the reason for the increased incidence of DTC. They concluded that patients with MTC/DTC are diagnosed earlier in tumor development than those with MTC alone, which leads to the trend in better prognosis and downstaging of the MTC. They suggested that both tumors should be treated according to their individual stage and current guidelines, and that MTC prevails in driving survival and should be treated aggressively. The studies by Biscolla et al, 24 Kim et al, 25 and
Machens and Dralle 26 all attributed the finding of MTC and PTC in the same thyroid to coincidence. Biscolla further concluded that the presence of the PTC did not influence the MTC in individual patients. However, Wong et al 27 saw improved survival in patients with both MTC and DTC compared with MTC alone, which may imply a positive influence of the DTC on the outcome of the MTC in the population as a whole. In our study, the preoperative diagnosis influenced the outcome. The preoperative diagnosis was also always the higher stage tumor, which was usually MTC, in concurrence with other previously published studies. However, in contrast to previous studies, in patients who were diagnosed with PTC or had PTC as the higher stage tumor, their outcome was influenced more by the PTC. There was only one recurrence in our six patients who fell into this group, which is reflective of the favorable overall outcome in patients with PTC. This one recurrence, however, is evidence that PTC is not always an innocent bystander and can influence the clinical course in these patients. This may also explain why Wong et al showed improved survival in patients with DTC and MTC together. The other third of patients in their study who had the DTC diagnosed first may have had a higher stage DTC than MTC and, therefore, a clinical course consistent with that of the more favorable prognosis of DTC.
There are several limitations to our study, namely that it is a single institution's experience with a relatively rare finding and may be biased by sample size and referral patterns. Median follow-up was also around 2 years, which may be enough time to capture some MTC recurrences, but is relatively short to capture potential PTC recurrences.
CONCLUSION
In summary, this study showed that in patients with both MTC and PTC, the subtype of preoperative diagnosis or the higher stage tumor is the same as the subtype seen in recurrent disease. This study is the first to show that PTC is not always an incidental finding with no influence on the outcome when seen with MTC, and its occasional higher stage at presentation may even be implicated in the improved survival seen in the population of these patients as a whole. We concur with prior recommendations that each tumor subtype should be treated according to its stage at presentation.
CLINICAL SIGNIFICANCE
The incidental discovery of a second subtype of DTC should not alter management of the primary tumor. Patients should be treated in accordance with the preoperative diagnosis and higher stage tumor.
